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ABSTRACT 
Hydraulic Characteristics of a Modified Venturi Section 
by 
Muhammad Aslam Rasheed 
utah State University, 1967 
Major Professor: Professor J. E. Christiansen 
Department: Civil Engineering 
The measurement of water in open channels on extremely flat grades is 
difficult because of the head loss that is necessary. A modified ventrui section, 
the contraction of which is provided by a top cover section mounted in a rectangular 
flume, is proposed to meet the requirements of a suitable measuring device for use 
in canals of flat gradients. 
The method of finite differences has been used for the mathematical 
solution to the idealized inviscid flow problem. This was followed by a laboratory 
investigation to ascertain the hydraulic characteristics of the proposed design. 
The experiments were conducted in a 3 feet by 3 feet by 200 feet concrete 
flume. The equation for discharge as obtained in this study is as follows: 
Coefficient of discharge CD has been calculated for throat openings 
of 5, 6, 7, 8 and 9 inches. 
The results have been presented in the form of curves and these curves 
have been compared with the wo~k done by previous investigators. 
(78 pages) 
INTRODUCTION 
One of the important problems in irrigation is measuring irrigation 
water that flows in open channels. Several devices have been used for 
measuring irrigation water including weIrs and Parshall flumes. Usually 
welt'S! and Parshall flumes may be used effectively. However, in areas of 
flat topography, low canal gradients and lack of freeboard may not provide 
sufficient head to allow for the use of such devices. One of the main dis-
advantages of ·weirs and Parshall flumes in canals of flat gradients is the 
reduction of the capacity of the canal 9wing to the further reduction of the 
gradient. 
Characteristics of a suitable water measuring device 
Following are the desirable characteristics of a suitable water 
measuring device for use on canals of low gradients. 
1. A low resistance to flow i. e. low head loss; 
2. Easily measurable head; 
3. Small effect on silt and debris deposition; 
4. Simple construction and low cost; 
5. Freedom from clogging by floating debris. 
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Objectives 
The objective· of this study is to develop a modified venturi section. to 
measure water in open channels on extremely flat grades. The contraction of 
the venturi section is provided by a movable top. cover section installed in a 
reotangular flume. 
The design will be done by 
1. Determining the head loss caused by the section. 
2. Determining the coeffioient of discharge for the section. 
3. Developing an equation for discharge for the section. 
The development includes both a mathematical solution to the idealized 
inviscid flow problem by the method of finite differences and a laboratory 
investigation to ascertain the validity of the design and its hydraulic characteristics. 
The· work done in this thesis is a continuation of the work previously done 
by graduate students at the University of California and Utah State University. 
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REVIEW OF LITERATURE 
Water measuring devices in use 
There are many different types of water measuring devices in use in 
irrigation systems. The most commonly used devices are, the "weir in its 
different forms, orifices, venturi flumes and Parshall flumes. Each device 
has its own advantages and disadvantages, depending on canal gradients and 
other specific requirements. 
The 'Weir is a simple device, easy to construct and simple to operate. 
It consists of a small overflow dam constructed across the channel to create a 
measurable head. The weir is a suitable metering device for open channels with 
steep grades. One of the main disadvantages of a weir is that the aerated nappe 
requires an unrecoverable height of fall which increases with the size of the 
structure. The upstream stilling pool, required for accurate results, causes 
a reduction in velocity which might cause deposition of sediments. For these 
reasons a weir is not considered a suitable measurtng device for open channels 
with small slopes, especially in medium to large canals. 
A submerged orifice has an advantage over the weir, because the 
required head loss is smaller than that for a weir, as some of the velocity 
, head can be recovered. The disadvantages of a submerged orifice are that it 
requires an operating head which is attained by impounding the water. This 
makes the installation a little difficult. The range of flow that can be measured 
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with an orifice of fixed dimensions is often too low to satisfy the requirements. 
Orifices collect sediments and floating debris. These limitations reduce 
their utility for measuring water in open channels with low grades. 
The venturi tube is one of the best measuring devices because it offers 
a low resistance to the flow and a high degree of accuracy. It creates an easily 
measurable differential head, but is expensive to construct when applied to 
open channels. It must run full to accurately measure the flow. Venturi tubes 
are not suitable for large channels. 
The Parshall measuring flume is probably the best measuring device 
available for use in canals with low gradients. It violates the criterion of low 
resistance to the flow, because the head loss depends on the total head measure-
ment, which itself is dependent on the size of the structure and flow. 
Modified venturi section 
Considering the limitations of the available metering devices the pioneers 
of a modified venturi section thought of a device that could be used effectively on 
canals with flat grades. The device was based on the principles of a venturi tube. 
The principle of a venturi tube as stated by Daugherty and Ingersell is, 
A converging tube is an efficient device for converting 
pressure head to velocity head, while the diverging tube converts 
velocity head to the pressure head. The definite relationship 
between the pressure differential and the rate of flow affords a 
basis for flow measurement. (Daugherty and Ingersell, 1954, p. 125) 
The modified venturi section differs from a venturi tube as in the case of the 
modified venturi section the area and shape of the channel section remain con-
stant. The required convergence is obtained by introducing a top cover-section 
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in a rectangular flume. Thus the channel can be considered a closed conduit 
for the length of the device. 
According to Garton (1950) a device utilizing the top cover section·.was 
first tested by the Bureau of Reclamation in 1915. The first field application 
of a similar device was made by I. H. Tielman~ Chief Engineer of the Consoli-
dated Irrigation District at Selma, California. 
The first known experimental work to find the best possible shape for 
a modified venturi section was done by Yallalee (1938) at the University of 
California. As a result of these investigations Yallalee recommended the shape 
of the section shown in Figure 1. This shape was obtained by joining two arcs 
of different radii. The surface which comes in contact with water starts as a 
plane surface 60 degrees to the horizontal and tangent to the arc of radius R. 
Another arc of radius 3R is tangential to this and a plane surface at 20 degrees 
to the horizontal on the other end. The· overall length for a radius of 2 feet was 
8.84 fee.t. The experiments were performed in a flume 0.5 feet wide. 
Ferguson (1949) revised the shape of the top cover section in order to 
facilitate construction. A straight line was used in place of the arc of radius 3R 
on the downstream portion. The top cover section was made from corrugated 
sheet metal. Ferguson's (1949) experiments were performed in a plywood flume 
48 feet long and 0.5 feet wide. A 3 inch plate orifice made of brass was used to 
measure the quantity of water actually coming into the flume. 
Garton (1950) conducted a field study for a modified venturi section by 
using a device similar to the one used by Ferguson but it had a width of 24 1/2 
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1:=2.34' --l 
8.84' 
Figure 1. Shape of modified venturi section as proposed by yallalee. 
r: 8' ~I 2.3'-1 
Figure 2. Shape of modified venturi section as proposed by Ferguson. 
10'-7" 
3 '6" 
--I 
Figure 3. Shape of modified venturi section used in this thesis. 
inches instead of 6 inches. Garton's study was conducted in a trapezoidal 
concrete canal. The trapezoidal section was built with a bottom width of 2 
7 
feet and 1 1/2:1 side slopes. The lined section was 55 feet long. The modified 
venturi section was installed in a rectangular concrete section 10 feet long, 
2.5 feet deep and 24.5 inches wide. The top cover section was supported by 
a frame of steel angles. A 24 inch rectangular supressed weir was used to 
measure the flow. The precision of flow measurement is not known. 
Skjerseth (1951) conducted a study to determine the hydraulic charac-
teristics of a modified venturi section. This work was a further extension of 
the work done by Ferguson and Garton. He used two different sections. One 
of these was similar to Ferguson's but was constructed from 16 ounce copper 
instead of corrugated galvanized steel. The second model was the same as used 
by Garton. Skjerseth also applied the principles of dimensional analysis to 
develop a general equation applicable to geometrically similar devices. 
Equation of discharge 
The discharge through a section can be calculated by the application of 
Bernoulli's theorem and the equation of continuity. The applic~tion of Bernoulli 
theorem is depen~ent on the assumptions that the flow is incompressible, steady 
uniform across a cross section and there is no friction loss through the section. 
To simplify the application of Bernoulli theorem the flow is also assumed to be 
turbulent so that:the value of energy coefficient can be taken as unity. Ferguson 
(1949) applied this equation between two pOints on the top cover section. Garton 
(1950) in addition also applied this equation between two pOints in the side of the 
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test channel. Yallalee (1938) applied this equation between a section upstream 
of the device and the throat section. The expression for discharge used by 
Ferguson and Garton was one form of the venturi tube equation, i. e., 
Where 
Orl A~ 2 g (h - h ) qt.. x t 
Q= 
, 
Q = discharge 
() . = coefficient of discharge 
q 
A 1 = cross sectional area at point x 
At = cross sectional area at the throat 
hx' ht = piezometric head at points x and t respectively 
g = acceleration due to gravity" 
From equation (1) the expression for coefficient of discharge was 
written as follows: 
c = q 
( 1) 
(2) 
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THEORY 
Numerical solution 
The solution to the problem of fluid flow under the modified venturi 
section is based on potential theory, and is obtained by· formulating. a boundary 
value problem whose solution has been obtained using the method of finite 
differences. The velocity components u and v in the x and y coordinate directions 
for two_:dimensional inviscid flow can be obtained from either the stream function 
If or-potential function rJ as shown by the following equations 
and 
u= 
a't 
d y = 
-~ 
- a y 
Substituting these expressions in the continuity equation and 
(3) 
(4) 
irrotational equation respectively gives partial differential equations forrJ and 
r. From the solution of either of these equations, the velocity, pressure etc. 
can be obtained anywhere throughout the flowfield. The major difficulty in 
obtaining the solution for either rJ or r is that the position of the upper surface 
of the flow region in unimown, and consequently the region of the boundary 
value problem cannot be defined. An approach which has been used by Southwell 
(1946) and others is to assume a position, relax the field pOints, and then adjust 
the position in light of the inconsistencies which appear in the solution. No 
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systematic means of adjusting the position of the unknown boundary is available 
and any change in the position has an influence throughout the entire flow field. 
In the problem at hand the added difficulty exists as it is desired to find a 
shape of the top cover section that would result in a velocity distribution with 
mild enough adverse pressure gradients to prevent separation. 
In order to overcome these difficulties inherent in obtaining the solution 
in the physical plane, the proglem has been transformed to a problem in the plane 
of the potential function ~ and the stream function f. The coordinate directions 
x and y appear to be the most appropriate dependent variables in the formulation~ . 
The governing equation can be obtained by following the rules for transformation 
of variables as given by Taylor (1955), that is if ~ = F(x, y) andf = G(x, y) then 
x and yare also some functions of ~ and If orx = f(~, 0/) and y = g(~, 0/) such 
that 
~_ 1 d~ 
-o\.f- J ax 
1 
J 
1 -0 If 
J (1 x 
(5) 
(6) 
(7) 
(8) 
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Where J is the Jacobian given by 
J= 2 =v (9) 
-'Qf 0 ~ 
a x d y 
By substituting these last equations into (3) and (4) one arrives at the 
Cauchy-Rieman condition 
" x = 
"0 0' ( 10) 
(11) 
Upon integrating (10) and (11) one can obtain the solution of x from the 
solution of y or the solution of y from the solution of xas indicated below. 
(12) 
( 13) 
(14) 
(15) 
In these last equations the subscripts by the integral sign denote that 
the integration is to be carried out along either a 0' = constant line or If= constant 
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line. Jeppson (1966) in Appendix A describes methods for performing the indicated 
partial differentiation and integration by numerical ~ethods which are well adapted 
to digital computers. 
From the Cauchy-Rieman conditions either x or y may be eliminated by 
differentiation giving the following Laplace equations 
"0 2x + '0 2x =0 d (6'2 a'f2 (16) 
0 2 0 2 l: + ~ =0 0(6'2 (17) 
In order to formulate the boundary value problems for either x or y 
in the (6'/f plane it is necessary to have a relation between x and y and such 
quantities as the velocity and the direction of flow in the (6' 'f plane. Jeppson 
(1966) has developed several of these relations and shown how they can be used 
for boundary conditions. Two of these relations which have been used here are 
V= 1 ~ <' ~ i) 2 + (~ P) 2 (18) 
and 
(19) 
The last two equations also permit a determination of the velocity and 
direction of flQw at any point in the flow field. 
The problem can most readily be solved for y first. The formulation 
of the boundary value problem for y is shown in Figure 4. In the formulation it is 
13 
1 Y = f (0) 
v 2 2 2 
t (tl)+ (~) = 1 
o 0 I a 'f y( 0) 2 2 
.::!....X t""' ri) £..y (~) + ( d y,\ 1 a f ~eo \;10 (p a 0 0 ~ \ d 'P) =---z 
r-----~--------~~~~------~--~~--~~~--~ vt Upstream from Top cover section Downstream from 
top cover section top cover section 
~ ______________ ~C~h~a~nn~e~l~b~o~tt~o~m~ __________________ ~ __ ~¢ 
y-O 
Figure 4. Formulation of flow under the top cover section in potential plane. 
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assumed that at some distance upstream and downstream from the device the 
flow is uniform. It would be just as easy to specify a typical open channel 
velocity distribution for the end sections as the normal derivative given in 
Figure 4. Any of the three conditions for the top cover section may be used. 
The first would be used if one wished to specify the height as a function of the 
potential. The second would be used if one wished to determine the shape which 
would give a given velocity or pressure distribution along the top cover section. 
The third specify the shape by giving local angle for the top cover section. 
The solution to the boundary value problem formulated in Figure 4 
has been obtained by finite differences using the follOwing nine point operator 
on a square grid network line b. rJ = 1:::::.. r" 
y(I,J) = O. 05 ~ [Y(I + 1, J) + y(I - 1, J) + y(I, J + 1) 
+ y(I, J - 1~+ y(I + 1, J + 1) + y(I - 1, J + 1) 
y(I - 1, J - 1) + y(I + 1, J - ~ (20) 
in which I increases with rJ as given I = ~ and J with r as given 
tfJ 
by J = L1 '1'. 
The operators, used for the boundary conditions along the free surfaces 
and top cover section are the same as those used by Jeppson (1966) in the solution 
of plane jet and cavity problems. These operators can be had also by examining 
the Fortran IV Program which has been used to obtain the solutions and which is 
given in the Appendix. 
Dimensional analysis of the problem 
Dimensional analysis is based solely on the relation-
ships that must exist among the pertinent variables because of 
their dimensions. Dimensional analysis gives qualitative rather 
than quantitative relationships, but when combined with experi-
mental procedures it may be made to supply quantitative results 
and accurate prediction equations. (Murphy, 1950, p. 17) 
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The technique of dimensional analysis has been applied in this case to find a set 
of quantities that can be applied to other geometrically similar models. This 
analysis is also applied to find an expression for discharge through the device. 
The flow through a system is affected by the dimensions of the system, 
the properties of the fluid and the applied forces. The variables that might effect 
this problem are listed below. 
1. Dimensions defining the geometry of the system e. g., throat opening, 
d, bed width, b, and radius of the cover sections, r. 
2. Flow characteristics e. g., rate of flow, Q, depth at any section, h, 
piezometric head at the throat, ht~ 
3. Fluid properties e. g., density, ~ , elastic modulus, e, speCific 
weight, a , surface tension, b, and viscosity, ,. • 
The viscous forces become less important at high Reynold's numbers. 
The scope of this study is limited to a small range of flow and the temperature 
variation is limited to about 50 F., so viscous forces will be assumed constant 
for the limited range and, therefore, will be neglected. Surface tension and 
elastic modulus are- also not expected to affect this problem. The ratiO, g, of 
specific weight to density will be used as an independent variable in place of these 
- two quantities. Radius, r, is constant for this study so it is assumed that it will 
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not affect the discharge for different throat openings. If the effect of radius, 
r, on discharge is to be considered, it will require several models with 
different radii so r is eliminated from the list of variables affecting dis-
charge. Throat area At' a product of band d, has been used as an independent 
variable replaCing both b and d. This implies that the velocity of approach is 
neglected. Differential head A h = hi - ht is used as an independent variable 
in place of hi and hr This process of elimination of variables results in only 
four variables which result in the following functional relationship. 
f (Q, At' g, A h) = 0 (21) 
'There are two baSic dimensions and four variables so from the principles 
of dimensional analysis there will be two 11 terms taking At as the repeating vari-
able the functional relationship of these 7{terms can be written as 
which can also be written as 
Q 
.6h) = 0 
~At 
(22) 
(23) 
Equation (23) is a functional relationship of 7r terms. The determination 
of this function must be done by experiment. 
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Head loss 
The modified venturi section is designed to be used in canals which 
have a low allowable head loss, consequently it follows that it should have a 
low resistance to flow. The converging section changes the pressure head to 
velocity head while the diverging section converts the velocity head to pressure 
head. This recovery is not complete and there is a loss of energy in the passage 
of water through the section. The head loss is considered to be the differential 
head between point 1, just upstream from the section and point 5, just downstream 
from the section (see Figure 9), and thus includes the normal friction loss in 
this length of channel. The velocity head, though small, is added to the depth 
to obtain the energy at the section. The expression for head loss can be written 
from Bernoulli's theorem as 
Where 
HL = Head loss through the section 
y l' Y 5 = Depths at points 1 and 5 respectively 
v12, v52 r.::; Velocity head at points 1 and 5 respectively. 
2g· 2g 
(24) 
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PROCEDURE 
Description of apparatus 
The experimental work for this thesis has been done at the utah, Water 
Research Laboratory in 3 feet x 3 feet x 200 feet flume. The modified venturi 
section, as shown in Figures a and 5 was built from 1/8 inch thick steel sheet. 
The semicircular surface that comes in contact with water has a radius of 2. 5 
feet and is tangential to a plane surface which makes an angle of 45 degrees 
with the horizontal. On the downstream side the semicircular surface is 
tangential to a plane surface that makes an angle of 20 degrees with the horizontal. 
The overall length of the device is 10 feet 7 inches. 
The top cover section was supported by a frame 1 1/2 inches x 1 1/2 
inches steel angles, with 1 1/4 inches x 1 1/4 inches steel angles to stiffen 
the frame. The cover section was stiffened by three 1/2 inch pipes running 
longitudinally (see Figures 5 and 7). Transverse steel plates, 1/8 inch x 
1 1/2 inches were welded to provide rigidity to the structure. A rubber gasket 
was fastened on the sides of the strucutre by screws to minimize the leakage. 
The top cover section was hinged at the downstream and the upstream 
end was raised and lowered by a car jack. The top cover section was built in 
the shop of Utah Water Research Laboratory by Mr. Kenneth Steele and his 
staff. 
19 
Figure 5. Test model. 
20 
Figure 6. Laboratory arrangement. 
'. 
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Figure 7. Details of top cover section. 
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Figure S. Section at A-A. 
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Figure 9. Location of points for piezometric connections. 
~ 
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The measurements were taken in five stilling wells. Two of the wells 
were connected to holes in the top cover section (see Figure 9). Inlets to the 
other three· wells were located just upstream of the section, at the throat section 
in the side of the channel, and just downstream from the section. The inlets 
were connected to the stilling wells by one-half inch outside diameter poly flo 
tubing. 
The water supply consisted of two pipe lines of diameters 12 and 8 
inches. The pipe lines were controlled by ya.lves to regulate the flow at the head 
of the test flume. The supply pipes were connected to the reservoir formed by the 
dam on Logan River upstream from the Water Research Laboratory. Water from 
the supply pipes was run in the flume and made to pass through the modified 
venturi section installed about 150 feet downstream from the supply. The water 
level in the stilling wens was read by a hook gage. The same gage was used for 
all the stilling wells. A 12 inch Parshall flume downstream from the device was 
used to measure the flow. The discharge was obtained from tables in "Measuring 
Water with Parshall Flumes." The water was discharged back into Logan River. 
Experimental procedure 
A certain discharge flowing at a certain depth constituted a series. 
A series consisted of several trials till the water level in all stilling wells was 
fairly constant. The discharge was varied by changing the valve opening con-
sequently, ~eupstream depth also varied. Sufficient time was allowed for 
water to come to equilibrium. The velocity in the flume could be reduced by 
installing a number of wooden overflow boards· across the flume downstream 
24 
from the device. Thus the device could be tested for very low velocities. The 
tests were continued by progressively reducing the flow until the differential 
head was approximately 0.06 feet, then the throat opening was increased, or 
the velocity was changed by changing the overflow boards. 
The throat opening was measured with'a point gage. The point gage 
measured the depth for taps 3 and 4 on the top cover section. The throat open-
ing was obtained from this measurement by allowing for the thiclmess of the 
cover sheet. 
To eliminate the wave action, gratings used to cover the flumes in the 
laboratory were used as baffles. These gratings were placed at three sections 
'across the flume and this reduced the waves considerably. 
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RESULTS AND DISCUSSION 
Results from numerical solution 
Results from the numerical solution are presented as a flownet in 
Figure 10. This flownet was obtained by plotting the x and y coordinates from 
the finite differences network. The complete solution as given by the program 
also includes the velocities and angles of the flow at each of the grid points. 
The uppermost streamline gives the theoretical shape for the top cover 
section of the modified venturi section which will result in a velocity distribution 
with mild enough adverse pressure gradients to prevent separation in an idealized 
inviscid flow. This shape will offer no resistance to inviscid flow for a particular 
upstream depth and velocity. Field conditions, however, will be considerably 
different as the upstream depth and velocity will fluctuate considerably depending 
on discharge. The top cover section is to be hinged about the downstream section, 
so the shape of modified venturi section will be different at different throat open-
ings. Considering these limitations the top cover section has not been built 
according to this design. The shape of modified venturi section used in this 
thesis is shown in Figure 3. 
Equation of discharge 
In the section on dimensional analysis the following functional relationship 
of 7T terms was obtained. 
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(25) 
In this section these 'ff terms have been combined to give an equation 
for discharge. 
When Q 5/4 is plotted against .f7;; , data for~ll throat 
At ~t 
openings plot on the same parabolic curve (see Figure 11). If Q 5/4 
r;- At 
" 1 tted "t (A h)I/2 " t ad f bh t i ht I" It ( F" IS P 0 agams'~ A ms e 0 Jj1' a s ra g me resu s see 19ure 
,!~ • t y .n. t 
12). From this plot, the equation relating the 7T terms of equation (25) can be 
derived. The resulting equation is: 
(26) 
or 
(27) 
or 
(28) 
Equation (28) is the equation for discharge through the modified 
venturi section and is identical with the equation for discharge through a 
venturi meter. Figure 12 gives an average value of Cn = 1. 00. 
From Equation (28) the expression for coefficient of discharge Cn 
can be written as 
C = D 
Q 
28 
(29) 
Figure 13 shows the relation between discharge and the quatitity 
At~ 2gbh. The data for throat openings of 6, 7, 8 and 9 inches plot on the 
same curve giving an average value of CD = 1. 00. The data for throat 
opening of 5 inch do not follow the above graph. This discrepancy might be the 
result of experimental error in measuring the throat opening, or a difference 
in downstream control conditions. 
The relation of discharge Q to ~ h , the ratio of differential head to 
throat opening, is a family of parabolic curves, one for each throat opening 
(Figure 14). A plot of Q vs. V ~h results ina family of straight lines for 
different throat openings (Figure ·15). The latter set of curves can be used 
to find the discharge for various throat openings for the shape of the modified 
venturi section used in this study. 
Coefficient of discharge 
In the equation for discharge the coefficient of discharge CD accounts 
for factors which were not considered in the derivation of the equation. The 
expression for CD can be written as 
C = Q 
D At~2gAh 
The expression for coefficient of discharge obtained from Bernoulli's 
theorem and continuity equation can be written as 
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( 80) 
The comparison of Equations (29) and (30) results in the following 
relationship between CD and Cq. 
( 31) 
Both of these coefficients have been determined in this study. 
'rhe coefficient of discharge has been based on differential head between 
points 1 and 3 and pOints 1 and 4 (see Figure 9). Figures 16 through 20 show the 
coefficient of dishcarge' as a function of discharge and is based on differential 
head between points 1 and 3. The values of CD and O'~ based on differential head 
between points 1 and.4 can be found in Table 2 (see Appendix). 
The curves in Figures 16 through 20 have been compared with Skjerseth's 
(1951) data for the model of 24. 5 inches width. The value of coefficient of dis-
charge is comparatively higher in this study than those obtained by Skjerseth. 
When comparing these curves it should be understood that the Size, shape and 
the surface· of circular transition were different. The locations of the taps 
where piezometric head was measured is also different and this is a major 
factor affecting the coefficient of discharge. There is also the question of 
absolute accuracy of the flow measurements in all tests. 
For the limited range of flow, the coefficient of discharge tends to 
decrease with· an increase in discharge and differential head for a particular 
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throat opening. Figures 21 and 22 show that the coefficient of discharge tends 
to increase with an increase in throat opening. The coefficient of discharge 
is comparatively constant at higher throat openings. 
The coefficients of discharge, based on observations which had a 
differential head of less than 0.1 feet, have been plotted in Figures 16 through 20. 
These observations have not been given much weight in drawing the curves 
because the possibility of experimental error is a maximum at very small 
differential heads. 
A plot of throat velocity, Vt , against the differential head .6h, shows 
that the data for all throat openings plot on the same parabolic curve (see Figure 
23). When Vt is plotted against YAh, data for all throat openings except the 
throat opening of 5 inches plot on the same straight line (Figure 24) which results 
in the follOwing relationship, 
(32) 
Head loss 
Head loss through the section is calculated from the following relation-
ship 
V12 H =y + --L I 2g (33) 
Figures 25 through 29 show head loss as a function of differential head 
between points 1 and 3 (see Figure 9). The relationship of head loss to differential 
head is dependant on the throat opening and discharge. The maximum head loss 
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occurs at the smallest throat openings and large flows. The head loss is about 
43 percent of the differential head at a 5 inch throat opening and reduces to less 
than 30 percent for a 9 inch throat opening. 
H 
Figure 30 shows the ratio of head loss to differential head, L:l ~ 
as a function of throat opening. This ratio decreases with the increasing throat 
opening till it tends to be constant, but this observation is difficult to make from 
the limited range of this study. 
This head loss is for a rectangular flume with straight approach. In 
wider canals, the canal has to be constricted for installing the modified venturi 
section. Trapezoidal canals also require a rectangular flume for the installation 
of this section. In both of these cases there will be additional head loss in the 
converging and diverging sections. This head loss is to be added to the head 
loss determined in this study. 
Limitations of the study 
The range of flow was limited by the capacity of the Parshall flume and 
the depth of the test flume. The maximum flow that could be measured with the 
Parshall flume was 7.10 cfs. There was no provision for accelerating the flow 
so the section could not be tested over a wide range of flow. It is believed that 
this section could be used to measure much larger flows. 
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CONCLUSIONS 
The modified venturi section studied in this thesis meets the require-
ments of a suitable water measuring device except for passing floating debris. 
The provision of a hinge at the downstream side appears to be practical 
and offers the advantage of ease in changing the throat opening. The provision 
of the hinge will also reduce 'the cost of the top cover section. 
The combination of taps 1 and 3 is considered to be the most practical 
combination for field application. 
The equation for discharge obtained from dimensional analysis is as 
follows: 
The average value of Cn is 1. 00. The actual values of coefficients 
of discharge for various throat openings are given in Table 2. 
For the limited range of flow, the coefficient of discharge tends to 
decrease with an increase in discharge and differential head for a particular 
throat opening. The coefficient of discharge tends to increase with an increase 
in throat opening. The coefficient of discharge becomes comparatively constant 
at higher throat openings. 
Head loss has been expressed as a function of differential head between 
points 1 and 3. The head loss varies from about 43 percent of the differential 
'itS 
head for a 5 inch throat opening to less than 30 percent of differential head for 
a 9 inch throat opening. For a given discharge the differential head decreases 
With the increase in throat openings, consequently the head loss also decreases. 
The throat opening can be adjusted to control the head loss and keep it below a 
certain desired limit. 
The head loss through the section can be reduced if the divergence of 
the downstream side is more gradual. This can be done by reducing the down-
stream angle. An angle of about 12 degrees with the horizontal is recommended. 
This will tend to increase the overall length of the device but it is expected that 
the head loss will be reduced considerably. 
49 
LITERA TURE CITED 
America.n Society of Mechanical Engineering. 1959. Fluid meters, their theory 
and application, Part I. Report of American Society of Mechanical 
Engineering. Specialftesearch Committee on Fluid Meters. American 
Society of Mechanical Engineering, New York. 203 p. 
Christiansen, J. E. 1935. Measuring water for irrigation. University of 
California, Berkeley, California. Bulletin No. 588, 91 p. 
Christiansen, J. E., and I. H. Tielman. 1931. A practical venturi meter 
for irrigation service. Engineering News Record, New York. 2 p. 
Daugherty, R. L., and A. C. Ingersoll. 1954. Fluid mechanics with engineer-
ing applications. McGraw Hill Book Company, Inc., New York. 
472 p. 
Ferguson, J. E. 1949. A modified venturi section for measuring irrigation 
water in open channels. Unpublished Master's thesiS in Agricultural 
Engineering, Utah State University Library, Logan, Utah. 35 p. 
Garton, J. E. 1950. A field study of a modified venturi section for measuring 
irrigation water in open channels. Unpublished Master's thesis in 
Agricultural Engineering, Utah State University Library, Logan, 
Utah. 46 p. 
Jeppson, R. W. 1966. Technique for solving free streamline, cavity, jet 
and seepage problems by finite differences. Technical Report No. 
68, Department of Civil Engineering, Stanford University, Stanford, 
California. 296 p. 
King, H. W., and E. F. Brater. 1963. Handbook of hydraulics for the 
solution of hydrostatic and fluid flow problems. McGraw,Hill Book 
Company, Inc., New York. p. 13-67. 
Murphy, Glenn. 1950. Similitude in Engineering. The Ronald Press Company, 
New York. 296 p. 
Skjerseth, Torlief. The hydraulic characteristics of a modified venturi section 
for use as a water measuring device in open channels. Unpublished 
Master's thesis in Civil Engineering, Utah State University Library, 
Logan, Utah. 131 p. 
5-0 
Skogerboe, G. V., M. Leon Hyatt, Joe D. England, J. Raymond Johnson, 
and Richard E. Griffiil;. Year Unknown. Measuring water with 
Parshall flumes. Bulletin EC-323. Utah Water Research Laboratory 
and Utah State University Extension Services, Logan, Vtah. 41 p. 
Southwell, R. V. 1946. Relaxation methods in theoretical physics. The 
Clarendon Press, Oxford, England. 248 p. 
Taylor, A. E. 1955. Advanced Calculus, Ginn and Company, New York. 
786 p. 
Venard, J. K. 1965. Elementary Fluid Mechanres, John Wiley and Sons, 
Inc., New York. 563 p. 
Yallalee, W. P. 1938. Modified venturi section for open channels. Unpublished 
report from files of J. E~ Christiansen. 3 p. 
61 
APPENDIX 
'. 
Tables 
Table 1. Dimensionless parameters for the device 
fA; A 5/4 Ah Ah Ah 1/2 ~ A~ 2g h Series d At t Q {At C.JA t) {g A ~/4 
1 5" 1. 248 1.117 1. 319 5.93 0.407 0.348 0.590 0.790 6.36 
2 5" 1. 248 1.117 1. 319 7.05 0.585 0.500 0.707 0.940 7.64 
3 5" 1.248 1.117~ 1. 319 6.62 0.518 0.443 0.666 0.882 7.21 
4 5" 1. 248 1.117 1. 319 6.20 0.454 0.388 o 623 0.826 6.74 
5 5" 1. 248 1.117 1. 319 5.33 0.337 0.288 0.537 0.710 5.82 
6 5" 1. 248 1.117 1. 319 4.60 0.246 0.285 0.534 0.613 4.97 
7 5" 1. 248 1.117 1. 319 2.92 0.089 0.076 0.275 0.389 2.99 
8 5" 1. 248 1.117 1.319 3.50 0.136 0.116 0.341 0.466 3.69 
9 5" 1.248 1.117 1. 319 3.86 Q.l71 0.146 0.382 0.515 4.12 
10 5" 1. 248 1.117 1. 319 4.36 0.223 0.191 0.437 0.582 4.71 
11 6" 1.486 1.22 1. 641 6.76 0.345 0.283 0.532 0.731 7.05 
12 6" 1.486 1. 22 1. 641 6.09 0.274 0.225 0.474 0.658 6.26 
13 6" 1.486 1. 22 1. 641 5.69 0.228 0.187 0.432 0.615 5.85 Cll 1:'0 .. 
Table 1. Continued 
Ah 1/2 
Q 
A ~ A 5/4 Q .6.h Ah fi A~74 At\]2gAh Series d ~t t \fAt (TAt) 
~ 
14 6" 1.486 1. 22 1. 641 5.32 0.207 0.170 0.413 0.575 5.44 
15 6" 1.486 1. 22 1. 641 4.25 0.126 0.104 0.322 0.460 4.24 
16 6" 1. 486 1. 22 1. 641 3.45 0.082 0.0663 0.257 0.373 3.435 
17 6" 1.486 1.22 1. 641 4.13 0.122 0.100 0.316 0.447 4.18 
18 6" 1.486 1. 22 1. 641 3.09 0.065 0.0533 0.227 0.334 3.05 
19 7" 1. 77 1. 331 2.08 3.50 0.057 0.0426 0.206 0.295 3.38 
20 7" 1. 77 1. 331 2.08 4.77 0.109 0.0816 0.284 0.402 4.68 
21 7" 1. 77 1. 331 2.08 6.78 0.224 0.168 0.410 0.572 6.69 
22 7" 1. 77 1. 331 2.08 6.16 0.182 0.136 0.368 0.520 6.05 
23 7" 1. 77 1. 331 2.08 5.76 0.160 0.120 0.346 0.486 5.66 
24 7" 1. 77 1. 331 2.08 5.17 0.130 0.0975 0.314 0.436 5.10 
25 7" 1. 77 1. 331 2.08 4.35 0.089 0.0666 0.250 0.366 4.24 
26 7" 1. 77 1. 331 2.08 7.10 0.247 0.185 0.430 0.600 7.05 
01. 
~. 
• 
" 
Table 1. Continued 
fr\ A 5/4 ~h Ah 1/2 
g 
Series d At Q Ah ~At (VAt ) (i A 5/4 At" 2gAh t g t 
27 8" 2.00 1.416 2.36 7.10 0.186 0.132 0.364 0.526 6.94 
28· 8" 2.00 1.416 2.36 5.32 0.102 0.0721 0.266 0.394 5.14 
29 8" 2.00 1.416 2.36 6.63 0.163 0.115 0.339 0.492 6.49 
30 8" 2.00 1.416 2.36 5.89 0.127 0.090 0.300 0.44 5.74 
31 8" 2.00 1.416 2.36 5.52 0.110 0.0776 0.278 0.412 5.34 
32 8" 2.00 1.416 2.36 4.88 0.084 0.0594 0.244 0.364 4.65 
33 8" 2.00 1.416 2.36 5.29 0.103 0.0726 0.226 0.395 5.17 
34 9" 2.275 1. 51 2.80 5.35 0.079 0.0523 0.269 0.336 5.08 
35 9" 2.275 1. 51 2.80 5.82 0.095 0.063 0.248 0.366 5.57 
36 9" 2.275 1. 51 2.80 6.38 0.116 0.0768 0.277 0.402 6.16 
37 9" 2.275 1. 51 2.80 6.62 0.126. 0.0834 0.288 0.416 6.42 
38 9" 2.275 1. 51 2.80 7.04 0.144 0.0952 0.308 0.442 6.85 
39 9 f1 2.275 1. 51 2.80 6.18 0.108 0.0715 0.267 0.389 5.95 
01 
40 9" 2.275 1. 51 2.80 5.82 0.096 0.0635 0.252 0.366 5.60 ~ 
~------~---~----~----,-,--.-----~ -- --------.,------ -.- - --------------- -- .-.- ---------~-----------.-------------__r--,.~--'~---.----:::.------------~.: 
ft~} 
h4 h1-h3+0.011 VL:lh CD C h1-h4+0.012 Jb.h CD c" Vt q q 
1. 316 0.407 0.6380 0.930 0.915 0.447 0.6685 0.900 0.884 4.75 
1. 346 0.585 0.7648 0.922 0.912 0.645 0.8031 0.889 0.871 5.65 
1.340 0.518 0.7205 0.920 0.905 0.565 0.7516 0.890 0.880 5.30 
1. 331 0.454 0.6738 0.922 0.907 0.491 0.7687 0.818 0.807 4.96 
1.292 0.337 0.5805 0.915 0.892 0.358 0.5983 0.900 0.876 4.28 
1.244 0 •. 246 0.4960 0.925 0.907 0.259 0.5090 0.915 0.895 3.69 
1. 060 0.089 0.2983 0.978 0.950 0.096 0.309-8 0.943 Q.920 2.34 
1.136 0.136 0.3688 0.950 0.876 0.142 0.3768 0.940 0.915 . 2.81 
1.174 0.171 0.4135 0.935 0.911 0.178 0.4219 0.925 0.905 3.10 
1. 224 0.223 0.4724 0.925 0.905 0.234 0.4837 0.915 0.898 3.50 
1.481 0.345 0.5873 0.965 0.950 0.367 0.6058 0.949 0.925 4.56 
1.435 Q.275 0.5234 0.975 0.963 0.293 0.5412 0.951 0.930 4.10 
1.402 0.228 0.4881 0.975 0.960 0.257 0.5069 0.950 0.930 3.83 
Table 2. Continued. 
Parshall Flume Piezometric hea 
Series d h Q hI h3 
14 6" 1.207 5.32 1.586 1. 39C 
15 6" 1.040 4.25 1. 391 1. 276 
16 6" 0.907 .. 3.45 1. 728 1. 65~ 
17 6" 1. 021 4.13 1. 909 1. 798 
18 6" 0.845 3.09 1.485 1.431 
19 7" 0.916 3.50 1.536 1.490 
20 7" 1.123 4.77 1. 586 1.488 
21 7" 1.414 6.78 1. 793 1. 580 
22 7" 1. 327 6.16 1. 693 1. 522 
23 7" 1. 270 5.76 1. 630 1.481 
24 7" 1.183 5.17 1. 533 1.414 
25 7" 1. 056 4.35 1. 388 1. 310 
26 7" 1.458 7.10 1.846 1. 610 
--------
• ------------------~ 
Table 2. Continued. 
Parshall Flume Piexometric head 
Series d h Q hI h3 
27 8" 1.458 7.10 1. 829 1. 654 
28 811 1. 207 5.32 1. 550 1.459 
29 811 1. 394 6.63 1. 758 1. 606 
30 811 1.290 5.89 1. 640 1. 524 
31 8!' .1.236 5.52 1. 582 1.483 
32 811 1.140 4.88 1.475 1.402 
33 8" 1.201 5.29 1.554 1.462 
34 9 11 1.212 5.35 1. 549 1.481 
35 9" 1.279 5.82 1. 623 1.539 
36 9" 1. 358 6.38 1. 710 1. 605 
37 9" 1. 392 6.62 1. 746 1. 631 
38 9" 1.449 7.04 1. 813 1. 680 
39 9" 1. 329 6.18 1. 680 1. 583 
40 9" 1. 280 5.82 1. 623 1.539 
Table 3. Head loss for the device 
2' ~ V2 V2 
.. -? HL VI V Y1 ~h HI :±Y 1+ --.l y 2 H2=Y2+ ~ ~=I),-H l::P Ah14 2 -Series d Y1 2g 2g 2 2g 2g 2 13 V/2g d Y1 
1 5" 2.336 0.0118 2.3478 2.170 0.0129 2.1829 0.1649 0.407 0.447 13.98 5.64 0.174 
2 5" 2.564 0.0130 2.5770 2.325 0.0158 2.3408 0.2362 0.585 0.645 .18.20 6.18 0.228 
3 5" 2.478 0.0123 2.4903 2.269 0.0147 2.2837 0.2066 0.518 0.565 16.80 5.96 0.209 
4 5" 2.395 0.0115 2.4065 2.212 0.0136 2.2256 0.1809 0.454 0.491 Jl5. 70 5.77 0.1891 
5 5" 2.223 0.0094 2.2324 2.090 0.0112 2.1012 0.1312 0.337 0.358 14.00 5.37 0.1513 
6 5" 2.076 0.0085 2.0845 1. 982 0.0093 1. 9913 0.0932 0.246 0.259 10.95 5.00 0.1185 
7 5" 1. 729 0.0050 1.7340 1. 700 0.0051 1. 7051 0.0289 0.089 0.096 5.78 4.17 0.0515 
8 5" 1.852 0.0062 1. 8582 1. 803 0.0065 1. 8095 0.0487 0.136 0.142 7.37 4.47 0.0735 
9 5" 1. 925 0.0070 1. 9320 1. 861 0.0074 1. 8684 0.0636 0.171 0.178 9.10 4.64 0.0888 
10 5" 2.031 0.0080 2.0392 1. 947 0.0087 1. 9557 0.0835 0.223 0.234 10.41 4.90 0.1100 
11 6" 2.421 0.0135 2.4345 2.297 0.0149 2.3119 0.1226 0.345 0.367 9.10 4.87 0.1425 
12 6" 2.301 0.0120 2.313 2.207 0.0131 2.2201 0.0921 0.274 0.293 7.69 4.14 0.1190 
13 6" 2.232 0.0012 2.'2432 2.152 0.0121 2.1641 0.0791 Q.228 0.257 7.06 4.50 0.1020 
01 
()O 
~ 
Table 3. Continued. 
V2 
2 
V2 V2 V2 HL Y1 1 Ah 1 ~ H2=Y2+ 2g HL=HJ.-H2 .6h13 bh14 2 2g H1=Yl 1 2g Y2 -Series d Y 2g V1 /2g d Y1 1 
14 6" 2.171 0.0104 2.1814 2.099 0.0111 2.1101 0.0713 0.207 0.225 6.85 4.37 0.0955 
15 6" 1. 976 0.0080 1. 984 1. 935 0.0084 1. 9484 0.0406 0.126 0.140 5.07 3.98 0.0638 
16 6" 2.313 0.0039 2.3169 2.282 0.0039 2.2859 0.0310 0.082 0.092 7.95 4.66 0.0355 
17 6" 2.494 0.0045 2.4985 2.424 0.0050 2.429 0.0695 0.122 0.182 15.45 5.02 0.0490 
18 6" 2.070 0.p035 2.0735 2.047 0.0039 2.0509 0.0226 0.065 0.072 6.45 4.17 0.0314 
19 7" 2.121 0.0047 2.1257 2.105 0.0048 2.1098 0.0159 0.057 0.062 3.78 3.60 0.0268 
20 7" 2.171 0.0078 2.1788 2.140 0.0086 2.1486 0.0302 0.109 0.116 3.87 3.68 0.0502 
21 7" 2.378 0.0133 2.3913 2.311 0.0149 2.3259 0.0654 0.224 0.247 4.91 4.02 0.0944 
22 7" 2.278 0.0119 2.2899 2.225 0.0133 2.2383 0.0516 0.182 0.202 4.34 3.86 0.080 
23 7" 2.215 0.0117 2.2267 2.169 0.0122 2.1812 0.0455 0.160 0.175 3.89 3.'16 0.0722 
24 7" 2.118 0.0097 2.1277 2.081 0.0107 2.0917 0.0360 0.130 0.140 3.70 3.58 0.0614 
25 7" 1. 973 0.0079 1:.9809 1. 950 0.0086 1. 9586 0.0223 0.089 0.095 2.82 3.34 0.0450 
26 7ft 2.431 0.0139 2.4449 2.355 0.0158 2.3708 0.0741 0.247 0.271 5.33 4.12 0.1015 CJJ 
co 
" 
Table 3. Continued. 
~2 2 2 V2 HL V :V V2 Y1 Ah Y1 1 H1=Y 1+ -.l. Y2 H2=Y2+ ~ ~~~ ~h . L1h14 V 2/2' --Series d 2.g 2g 2g 2g . 13 -1 g d Y1 
27 8" 2.414 0.014 2.428 2.361 0.0156 2.3766 0.0514 0.186 0.271 3.67 3.62 0.077 
28 8" 2.135 0.0107 2.1457 2.107 0.011 2.118 0.0277 0.102 0.117 2.59 3.20 0.0477 
29 8" 2.343 0.0138 2.3568 2.297 0.0141 2.3111 0.0457 0.163 0.189 3.32 3.52 0.0695 
30 8" 2.225 0.0108 2.2358 2.191 0.0125 2.2035 0.0323 0.127 0.145 3.00 3.34 0.057 
31 8" 2.167 0.0112 2.1782 2.137 0.0115 2.1485 0.0297 0.110 0.130 2.65 3.25 0.0507 
32 8t1 2.060 0.0096 2.0696 2.038 0.0099 2.0479 0.0217 0.084 0.097 2.26 3.09 0.0406 
33 9" 2.139 0.0105 2.1495 2.111 0.0108 2.1218 0.0277 0.103 0.121 2.64 3.21 0.0482 
34 9" 2.134 0.0109 2.1449 2.113 0.0111 2.1241 0.0208 0.079 0.097 1. 91, 2.85 0.037 I 
35 9 t1 2.208 0.0120 2.220 2.181 0.0123 2.1933 0.0267 0.095 0.113 2.222 2.94 0.043 
36 9" 2.295 0.0134 2.3084 2.262 0.0137 2.2757 0.0327 0.116 0.129 2.44 3.06 0.0506 
37 9" 2.331 0.0139 2.3449 2.294 0.0144 2.3084 0.0365 0.126 0.146 2.62 3.11 0.0540 
38 9" 2.398 0.0149 2.4129 2.356 0.0154 2.3714 0.0415 0.144 0.168 2.:79 3.19 0.0600 
39 9" 2.265 0.0129 2.2779 2.235 0.0133 2.2483 0.0296 0.108 0.128 2.30 3.02 0.0477 
40 9 ft 2.208 0.0120 2.2200 2.182 0.0123 2.1943 0.0257 0.096 0.111 2.14 2.94 0.0435 en 0 
• 
List of symbols in computer program 
NS = Number of streamlines 
NPI = Number of potential drops to front of top cover section 
NP2 = Number of potential drops to end of top cover section 
NP3 = Total number of potential drops 
INIT = If greater than 0 field is not initialized 
YIN = Upstream dB.ptli '" 
VINT = Leaving velocity 
VIN = Inc'omirtg velocity 
W = Over relaxation factor 
ERR = Error parameter 
MAX = Maximum number of iterations permitted 
6t 
*JOBIO,*MEAS,10050607 
COMMON Y(40'16)'V(33)'NS1,NP31,INIT,H,YIN'VIN'NP'F~Sl,N~lP,NP2P, 
$FNP,FNP32,W,NPl1;NP21,A2,ERR,MAi,NS,NP1,NP2,NP3,VINT;X(40,16) 
10 REAO{5,100) NS;NP1;NP2,NP3,INITiYIN,VIN,VINT,W,ERR,MAx 
100 FORMAT{5I5,3FI0.5,2F10.6,I5) 
IF(NS.EG.99) GO TO 99 
WRITE (6,103) NS ,'NPI ,NP2, NP3, IN!.T, YIN, VIN, VINT, W ,ERR ,MAx 
103 FORMAT(lH ,5I5,3FIO.5,2FIO.6,I5) 
NS1=NS-l 
FNSl=NSl 
NP=NP2"':NPl+l 
N~lP=NP1+1 
NP2P=NP2+1 
FNP=NP 
FNP32=NP3-NP2 
NP21=NP2-1 
NPll=NP1-l 
REAO(5,101)(Y{I,NS), I=NPIP,NP2) 
101 FORMAT{SFI0.5) 
WRITE{6,201)(YCI,NS), I=NPIPiNP2) 
201 FORMAT(lH ,13FI0.5) 
Y (NP3, 1>=0.0 
Y(l,l)=O.O 
DELY=YIN/FNSl 
DO 3 J=2,NS 
Y(l,J)=Y(l,J-l)+DELY 
3 Y(NP3,J)=Y(NP3,J-l)+DELY 
NP31=NP3-1 
H=YIN+VINT*VINT/64.4 
A=YIN*VIN/FNSl 
A2=A*A 
CALL YCOORD 
CALL XBOND 
CALL XCOORO 
DO i I=1,NP3 
WRlTE(6,102)(Y(I,J),J=liNS) 
WRITEf6,102)(XCI,J), J=l,NS) 
1 WRITE(6,110) 
110 FORMAT(lH ) 
102 FORMAT(lH ,13FB.3,3F9.3) 
CALL VANDAN 
GO TO 10 
99 STOP 
" 
I'%j 
o 
it 
~ 
< 
'1 
~ 
'1 
I» 
S 
Q) 
f.\,j 
END 
SUBROUTINE YCOORD . 
COMMON Y(40,16),V(33),NSl,NP31,INIT,H,YIN,VIN,NP'FNSl,N~lP,N~~P, 
$FNP'FNP32'W'NPl1,NP2l,A2'ERR;MA~'NS'N~I'NP2'NP3'VINTiX(40iI6) 
NS2=NS-2 
IF(INIT.GT.O) GO TO 10 
DO 11 I=2,NPll 
00 11 J=I,NS 
11 Y (I , J) =Y (1, J) 
Y(NPl,NS)=H 
00 2 I=NPl,NP2 
II=I-NPll 
00 2 J=l,NSI 
2 Y(I,J}=FLOAT(J-l)/FNSl*Y(IiNS) 
00 3 I=Np2P,NP31 
YCl,NS)=YIN 
00 3 J=l,NSI 
3 Y(I,J)=FLOAT(J-l)/FNSl*Y(I,NS) 
10 NCOUNT=O 
20 SUM=O.O 
NCOUNT=NCOUNT+l 
DO 4 I=2,NP31 
00 4 J=2,NS2 
YT=.05*{4.*(Y(I+l,J)+Y(I-l,J)~Y(I,J~I)+Y(I,J-l»+Y(I+l,J+i)+ 
$Y(I+l,J-l)+Y(I-l,J-l)+Y(I~liJ~l}) 
OIF=YT-Y Cl ,J) 
SUM=SUM+OIF*OIF 
4 Y(I,J)=Y(I,J)+W*OIF 
00 15 I=2,NP31 
15 Y(I'NSl)=.25*(Y(I~1,NSl)+Y(I-l;NSl)~Y(I,~S)~Y(I,NS2» 
42 00 7 I=NP2P,NP31 
7 CALL NEWRP(I,NCOUNT) 
IF(SUM.GT.50.0)GO TO 99 
IF(MOO(NCOUNT,10}.NE.0)GO TO 29 
WRITE(6,150)NCOUNt,SUM 
29 IF(SUM.GT.ERR.~NO.NCOUNT~LT;MAX) GO TO "20 
IF(SUM. GT. 99999.) GO TO 99 
WRITE(6,150)NCOUNT,SUM 
150 FORMAT(IH ,21HNUMB~R OF IT~RATIO~S=,i5,5H SUM=,~15.5) 
99 RETURN 
END 
SUBROUTINE NEWRP(I,NCOUNT) 
COMMON Y(40,16),V(33),NSl,NP31,INIT,HiYI~,VIN,NP,FNSl,N~ip,NP2P, 
C» 
co 
.. • 
$FNP,FNP32,W ,NPII ,NP21 ,A2,ERR,MAX,NS,NPI ,NP2,NP3, VINT, X (40 ,-16) 
WW=.4 
NCT=O 
IP:;I+l 
IM=I-l 
H128=128.8*H 
HI6=16.1*H 
YI3=Y(IP,NS)-Y(IM,NS} 
Y132=Y13*Y13 
YPM=Y(IP,NS)+Y(IM,NS)+2.*Y(I,NSl) 
10 SY=4.*Y(I,NS)-YPM 
NCT=NCT+l 
SY2=SY*SY 
F:16.1*(H-Y(I,NS)}*(SY2+YI32)-A2 
OF=H128*SY-(SY2+Y132+8.*Y(I,NS)*SY)*16.1 
OIF=F/OF 
Y(I,NS)=Y(I,NS}-OIF*WW 
IF(ABS(DIF);GT •• 060005 .AND. NCT .LT;i2) GO TO 10 
RETURN 
END 
SUBROUTINE XBONO _ 
COMMtiN Y(40'16),V(33),NS1,NP31,INIT,H,YIN,VIN,NP,FNS1~NPip,Np~P, 
$FNP'FNP32'W'NP11,N~21,A2'E~R'MA~'NS'NPl'NP2'NP~,VINT'-X(40,16) 
00 1 J=l,NS 
Fl=13.0/24.0 
F2=1.0/24.0 
NS2=NS-2 
NS3=NS-3 
1 X(l,J)=O.O 
DYB1=3 •• Y(l'2)-1.8~33333*Y(I,i)~1.5*Y(I,3)_+~~~~3~~33*Y(1,4) _ 
DYT1=1.83~33~3*Y(I'-NS}~3.~Y(I,~Sl)+1.5*Y(1'-NS2)-.~SjSjS3*Y(I,NS3) 
DYB2=3.*Y(2'2)-1.8~333~3*Y(2,1)~1.5*Y(2,3j+;~~3j~3~3*Y(~,4) 
DYT2=1.8333333*Y(2;NS)-3.*Y(2,~SI)+1~5*Y(2'NS2)-~3SjSjS3*Y(2,NS3) 
OYB3=3.*Y(3'2)-1.83j3333*Y(3,l)~1.5*Y(3,3j+~~j~j~j33*Y(~,4) 
DYT3=1.833~3~3*Y(3'NS)~3.*Y(3'~~I)+I;~*Y(~;NS2)-;~~j~jj3*Yt~;NS~) 
X(2,1)=.5*(DYB1+0YB2} 
X(2'NS)=.5*(0~Tl+0YT2) 
00 2 I=4,NP3 
11=1-1 
12=1-2 
DYB4=3.*Y(I,2)-1.8333333*Y(1,1)-1.5*Y(1,3)+.33333333*Y(1,4) 
DYT4=1.83~3333*Y(I'NS)-3.*Y(I,NSl)+1.5*Y(I'NS2)-~33j~jS3*YCI,NS3) 
X(Il,1)=X(t2,l)+Fl*(DYB2+DYB3)+~2*(tiY~1~DYB4) 
0) 
~-
X(JliNS)=X(I2,NS)+Fl*(OYT2+0YT3j+F2*(dYT1~OYT4) 
OYB1=OYB2 
OYB2=OYB3 
OYB3=OYB4 
OYT1=OYT2 
OYT2=OYT3 
2 OYT3=OYT4 
X(NP3,1)=X(NP~lil)+.5*(OYB2+0YB3) 
X(NP3,NS)=X(NP31'NS)+.5*(DYT2~Ott3) 
DIF=.5*(X(NP3,~S)-X(NP3,l»/~LOAT(NP3) 
WRITE(6,100) OIF 
100 FORMAT(lH ,5HDIF =,FIO.4) 
DO 4 I=2,NP3 
FI=I 
X(I,NS)=X(I,NS)-FI*DIF 
4 X(I,l)=X(I,l)+FI*DIF 
XT=X(NP3,l} 
OIF=(XiNp3iNS}-XT}/FLOAT(NS1) 
DO 3 ~=2,NSl 
3 X(NP3,~)=XT+FLOAT(~)*DIF 
RETURN 
END 
SUBROUTINE XCOORO 
COMMON Y(40'16)'V(33)'NS1,NFjl'lNIT'HiYIN~VIN'NP'F~Sl'N~lP,N~2P, 
$FNP,FNP32,W,NP11,NP21,A2'ERR'MAX,NS'N~1,NP2'NP3'VINT'X(40,16) 
FNS1=NSl 
DO 1 I=2,NP31 
XT=X (1,1) 
OIF=CXCI,NS)-XT)/FNSI 
DO 1 ~=2,NSI 
1 X(I,~)=XT+~LOAT{~)*DIF 
NCOUNT=O 
10 SUM=O.O 
NCOUNT=NCOUNT+l 
DO 2 I=2,NP31 
DO 2 ~=2,NSl 
XT=.05*C4.*(X(I+l,~)+X(I-l,~}+X(I,~+I}+X(I,~-1»+X(I+l,J+l)+ 
$X(I+l,~-I)+X(I-l~J+l)+X(I-l,J~I» 
OIF=XT-X(I,J) 
SUM=SUM+OIF*OIF 
2 X(I,~)=X(I,J)+W*DIF 
IF(SUM.GT.50.0)GO TO 99 
IF(SUM.GT.ERR.AND.NCOUNT;LT;MAX) GO TO 10 
,. 
0') 
CFI 
""" -
WRITE(6.100) SUMiNCOUNT 
100 FORMAT(lH .4HS0M=,FI2.5,25HNO. OF ITERATI0~S FOR -X =,15) 
99 RETURN 
ENO 
SUBROUTINE VANOAN 
COMMON Y (40.16) , V (33) ,NSI ,NP31, n~JIT'H,-YIN,vtN'NP'FNS1'NPip,NP2P' 
$FNP ,FNP32, W ,N?I! ,'NP21, A2 ,'ERR ,'MAX ,'NS, NPI ,NP2,NP3,-VINT, X (40,-16) 
REAL A(16) 
OPS=VIN*YIN/FNSI 
NP32=NP3";2 
NPJ3=NP3-3 
~S2=~S"';2 
NS3=NS-3 
WRlTE(6,110) 
110 FORMAT(1Hl,35HVELOCITIESANO 'ANGLES OF' FLOW FIELD) 
DO 1 J~l'NS . 
A(J)=O.O 
1 V(J)=VIN 
WRITE(6,100) (VeJ)iJ=I,NS) 
wRltEe6'100)(A(J),J~1,NS) 
WRltE(6,101) 
100 FORMAT(lH ~13F8.3'3F9.3) 
101 FORMAT (tHO) 
OYP=Y(3'2)-.3~33333~Y(1,2)-.5*j(2,2)-~i666~667*Y(4~2) 
OYS=Y (2,3) -.333333*Y (2 '~/1) -.5*Y (2 ,'2) -~ 16666~~7~Y (2,4) 
V(2)=OPS/SQRTCOYP*DYP+OYS*OYS) 
V (1) =v <"2) 
At"l)=O.O . 
A(2)=ARSIN(V(2)*OYP) 
00 2 J=3,NS2 . _, . 
OYP~Y(3~J)-.3333333~Y(1,J)-.5~Y(2,J)-~16666667*Y(4,J) 
OYS~.6~66~7*(l(2;~~1)";Y(2'J";1» •• ~8~~3:53*(j(2iJ-2)-Y(2,J+2» 
V{J)=OPS/SQRT(OYP*OYP+OYS*OYS) 
2 A(J)=ARSIN(V(J)~OVP) 
OY~=Y(3'NS1)-.333333*Y(1iNSl)-.~*Y(2iNS1)-~1~666667~Y{4,NS1) 
OY~~Y(2'NS2)-.3~3333*Y(2iNS)-~5~t(2,~Sl)-;i66666~67*Y(2,~S3) 
VCNS1)=OPS)SQRTCOYP*OYP+OYS*OYS) 
ACN51)=ARSIN(V(NSi)*OYp) 
Oyp;y (3,NS) -.333333*Y (1 ,NS) -.5*Y ("2,}"S)-;16666667*Y (4,NS) 
OYS=1.83333*Y(2,N~)-3.*Y(2'NS1)+1.5*Y(2'NS2)-.333333*Y("2iNS3) 
V(NS)=OPS/SQRT(OVP*6Y~~OYs*oiS) 
A(NS)=ARSIN(V(NS)~DYP) 
WRI~E(6il00)(V(J),J=1'NS) 
.- ...... -.# .. 
p .. 
_ c ~ 
en 
0) 
• 
WR I TE (6, 100) C A (~), '~= 1, NS) 
WRITE (6,1011 
DO 3 I=3,NP32 
OYP=.6~6667*CYCI+li2)-Y(I-l'2»+.083~333*(j(I-2,2)-Y(I~2i2» 
OYS=Y(I,3)-.333333*Y(I,I)-.5*Y(I,2)-.16666667*Y(I,4) 
V(2)=OPS/SGRT(OYP*OYP+OYS*OYS) 
A(2)=ARSIN(V(2)*OYP) 
OYP=.666~67*(Y(I+l'1)-YCI-l'I»+.083~3j3*(j(I-2il)-Y(I~2,1» 
OYS=1.833333*Y(I'I)-3.*Y(I'2)~1~5*Y(I,3)-.333333*Y(I,4) 
V(1)=OPSjS~RTCOYP*OYP+OYS*OYS) 
DO 6 J=3,NS2 
OYP=.666667*(Y(I+i'~)~Y(I-l'~»+.083~3~3*Cj(I-2'~~-Y(I~2;~» 
OYS=.6666667*(Y(I,~~l)-Y(I,~-1»+.08333333*(Y(I;~-2)-Y(I,J+2» 
V{~)=OPS/SGRT{OYP*OYP+OYS*OYS) 
6 A(~)=A~SIN(V(j)*OVP) 
OYP=.666667*(Y(I~1,N~1)-Y(I~1,NSl)}+.0833333*(Y(I-2,~~1) 
$-Y( I+2,'NS1» 
OYS=Y (I ,NS2) -. 33333*Y (I, ~S) -. 5*Y <I ,NSl> -.166~667*Y (I, NS~) 
V(NSl)=OPS/SGRTCOYP*OYP+OYS*OYS) 
ACNS1)=ARSIN{V(NSl)*OYP) 
OYP=.666667*(Y(I+l,NS)-Y(I-l,NS»+.08333333*{Y(I-2iNS)-Y(I+2,NS» 
OYS=1. 833333*Y (I ,'NS) ~3. *y (I, NS1) +1.5*Y (I ,'N~2) -. 333333*Y (I, NS3) 
V CNS)=OPS/SGRT(OYP*OYP+OYS*OYS) 
A{NS)=ARSIN(V(NS)*OYP) 
WRITE(6,100) (V(~),~=I,NS) 
WRITE{6'100)CA(~),~=1,NS) 
• 
3 WR~TE(6,101) 
OYP=.333333*Y(NP3'1)-Y(~P32'1)+.5*Y(NP31'1)+.1666667*Y(NP33,1) 
OYS=1.833333*Y(NPjl,1)-3.*YCNP31i2)~1.5*j(NP31,3)-.33333*Y(NP31,4) 
V(l)=OPS/SGRT(OYP*OYP+OYS*OYS) 
bYP=.33333*Y{NP3i2)-YCNP32'2)+.5*Y(NP31'2)+;16666~7*Y(NP33,2) 
OYS=Y(NP31,3)-.333333*Y(NP31,i)-.5*Y(~P31'2i~.1666667*Y(NP31,4) 
V(2)=OPS/SGRTCOYP*OYP+OYS*OYS) 
A(2)=ARSIN(V(2)*OYP) 
DO 7 ~=3,NS2 
OYP=.333333*Y(NP3'~)-Y(NP32i~)+.5*YCNP31'~)+.1666667*Y(Np33'~) 
OYS=.6666667*(j{NP31'~+I)-YCNP31'~-I»)+.083~~33*(Y(NP3li~-2)-
$Y(NP31'~+2» 
VC~)=OPS/SGRT(OYP*OYP+OYS*OYS) 
7 A(J)=ARSIN{V(~)*OYP) 
OYP=.333333*YCNP3,NS1)-Y(NP32,NS1)+.5*Y(NP31,NS1)+.1666667* 
$Y(NP33,NSl) 
OYS=YCNP31'NS2)-.333~333*Y(NPjl'NS)-.5*Y(NP31'NSl)-;16~~6~67* 
~ 
-.;J 
.. 
., .. 
$Y (NP31 ,NS3) 
VCNSl)=OPS/SQRT(OYP*OYP+OYS*OYS) 
A(NSl)=ARSIN(V(NSl)*OYP) 
OYP=.333333*Y(NP3'NS)-Y(NP~2,~S)+.5*Y(NP31,NS)+~16666~67* 
$Y(NP33,'NS) 
VCNS}=VIN 
A(NS)=ARSIN(VIN*OYP) , 
WRITE(6,100)(V(J),J=1,NS) 
WRITE(6'100){A(J),J~1,NS} 
WRITE (6,1,01) 
00 8 J=l,NS 
V(J)=VIN 
8 A(J)=O.O 
WRITE(6,100)(V(J),j=1,NS) 
WRITE(6,100)(A(J),J=I,NS) 
RETURN 
END 
FUNCTION ARSIN(X) 
ARG=SQRT(l.O~X*X) 
ARSIN~ATAN(X/ARG) 
RETURN 
END 
. -- ----- --- ----. -----~ ____ ___. 4 
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